BACKGROUND: Invasive infections from Staphylococcus aureus are increasingly being encountered in healthy children. Nasal colonization of S. aureus is associated with increased risk for acquiring invasive disease. The objective of this study was to determine the prevalence and risk factors for S. aureus nasal colonization among a healthy pediatric population and to determine antibiotic susceptibilities of the S. aureus isolates.
Introduction
S taphylococcus aureus (S. aureus) is one of the most prevalent and clinically significant pathogens which causes wide variety of infections, ranging from mild skin and soft-tissue infections to life-threatening infections. [1] S. aureus readily colonizes the anterior nares as a commensal microflora.
Nasal colonization of S. aureus act as an endogenous reservoir for clinical infections in the colonized individuals as well as a source of cross-colonization for others in the community. [1] Nasal colonization by S. aureus has been considered an important risk factor for infections that could threaten its carrier's life. [1] Due to the indiscriminate use of antibiotics, there is an increase in emergence of strains, which are resistant to the most commonly used antibiotics. [2] With a human population of over 1 billion and growing, the microbial milieu within India should be closely monitored, especially with recent reports of the global spread of antimicrobial resistance. [3] Few studies from India have reported the prevalence of nasal carriage of S. aureus among the healthy preschool children. However, since the prevalence of S. aureus colonization and its antimicrobial susceptibility pattern differs dramatically in different geographical areas, this study was carried out to estimate the same from this part of India.
Materials and Methods
The study was carried out for the period of 1 year from January 2016 to December 2016.
A total of 468 children of age group 5-16 years from 15 different schools of urban Belgaum (Belagavi) located under Ramnagar Urban Health Centre of KLE University's Jawaharlal Nehru Medical College (JNMC) were enrolled for the study. Children suffering from skin and soft-tissue infections, consuming or have recently consumed antibiotics for any indications, and having a history of hospitalization within the last 12 months were excluded from the study.
After obtaining informed consent, a questionnaire was administered in the local languages (Kannada, Marathi, and Hindi as applicable) to the guardian of each participant to collect demographic data and obtain information on selected risk factors of nasal colonization with S. aureus. Samples were obtained from the anterior nares of each child participant using a sterile Culturette swab, premoistened with sterile normal saline. The swab was inserted into each nostril, rotated for 5 s, and placed immediately into the Culturette tube containing transport media. The sample was plated on mannitol salt agar (MSA) and 5% sheep blood agar (SBA) simultaneously and incubated at 37°C for 24 h. Mannitol-fermenting colonies appeared yellow on MSA. The characteristic small, golden-yellow, opaque β-hemolytic colonies on SBA signified the presence of S. aureus. The isolates were confirmed as S. aureus based on colony morphology, Gram staining, catalase test, and tube coagulase test.
Antimicrobial susceptibility testing
A single colony was chosen from each coagulase-positive S. aureus isolate and streaked onto a Mueller-Hinton agar plate for susceptibility testing. Kirby-Bauer disc diffusion test on Mueller-Hinton medium was used to determine antimicrobial susceptibility against penicillin G, Amoxiclav, clindamycin, erythromycin, ciprofloxacin, and trimethoprim-sulfamethoxazole or co-trimoxazole. The plates were incubated for 24 h at 37°C and zone diameters were measured, recorded, and classified as sensitive, intermediate, or resistant according to the Clinical and Laboratory Standard Institute (CLSI) interpretation table. [4] Quality control organism S. aureus ATTC 25923 was used according to standard procedures recommended by the CLSI.
Ethical Issues
The study was approved by the Institutional Ethics Committee at JNMC, Belagavi. Written informed consent was obtained from the parents of each participant.
Statistical analysis
Questionnaire data were recorded on the questionnaire forms and entered into a Microsoft Excel spreadsheet. Laboratory results were entered into the spreadsheet along with the corresponding participant's information as they become available. The Statistical software, namely, R 3.4.2 and R-studio were used for the analysis of the data and Microsoft Excel 2010 was used to generate graphs, tables, etc. Descriptive statistics (including means, standard deviations, frequencies, and percentage) were calculated for the sociodemographic variables. Chi-square test has been used to find the significance of study parameters on categorical scale between two or more groups. t-test was used to find significance for quantitative data across two groups.
Results
Of the 468 students selected in age group of 5-16 years studying in the schools of urban Belagavi, majority of the students were aged 12, 13, or 14 years. Highest number of students was aged 13 years, i.e., 14.3% of total). The highest number of participants (41.2%) belonged to 9-12 years age group. Female students (246, 52.6%) were a little more as compared to male students (222, 47.4%).
Of the total 468 children, 142 children were found to be colonized with S. aureus. Hence, the prevalence of the nasal carriage of S. aureus among healthy schoolchildren of urban Belagavi was found to be 30.3% by this study. Among these 142 children, 84 (34.1%) were girls and 58 (26.1%) were boys as depicted in Table 1 .
Next, the antibiotic sensitivity pattern of the S. aureus isolates was explored. As evident in Table 2 , majority of the isolates (97.9%) were resistant to penicillin. 
S. aureus: Staphylococcus aureus
In our study, the S. aureus isolates exhibited resistance to multiple classes of antibiotics including co-trimoxazole (19.7%), ciprofloxacin (47.9%), e r y t h r o m y c i n ( 3 3 . 1 % ) , c l i n d a m y c i n ( 4 . 9 % ) , amoxiclav (1.4%), and linezolid (4.9%).
Discussion
The present study from South India was conducted among healthy schoolchildren of age 5-16 years in a community setting. A total of 468 children were enrolled to determine the prevalence of nasal carriage of S. aureus.
Our study reports that 30.3% (142/468) of healthy schoolchildren in this geographical area were colonized with S. aureus in their anterior nares asymptomatically. This finding is consistent with reports of various other similar studies conducted in India and worldwide. The prevalence and incidence of S. aureus nasal carriage vary according to the population studied. The results of studies on the nasal carriage as determined in cross-sectional surveys are shown in Table 3 .
Studies from Taiwan and the US have documented the prevalence of nasal carriage of S. aureus among children ranging from 16% to 23%, respectively. [8, 9] In contrast, Chatterjee et al., studied 489 schoolchildren aged 5-15 years by polymerase chain reaction and found nasal colonization of S. aureus in 256 (52.5%) of children, which is much higher compared to our study and other similar studies. [10] The comparatively higher prevalence rate may be attributed to the characteristics of the study population, although other factors (e.g., sampling and culture techniques) may have played a contributory role.
Since there is regional variation in the colonization of S. aureus, the overall prevalence of S. aureus colonization among healthy population has been estimated ranging from 20% to 40% worldwide. The prevalence of colonization with S. aureus has previously been shown to be age dependent. [11] [12] [13] In our study, the prevalence varied across different age groups. It was lowest among the 5-8 years age group as compared to 9-12 years and 13-16 years age group. However, the difference was not found to be statistically significant (P > 0.05).
In the present study, other sociodemographic factors such as gender, type of house, and family size were also studied for its association with the carriage of S. aureus. None of these were found to be statistically significantly (P > 0.05) associated with nasal colonization. Statistically significant risk factors for colonization included age below 6 years and membership to joint families similar to some other studies. [5] School-going children were shown to have significantly higher prevalence of carriage. The finding is consistent with the fact that large family size with 10 or more members had higher carriage prevalence as compared to families with ≤4 members. [5] This might be due to poor hygiene and overcrowding.
In our study, the S. aureus isolates exhibited resistance to multiple classes of antibiotics including Cotrimoxazole (19.7%), ciprofloxacin (47.9%), e r y t h r o m y c i n ( 3 3 . 1 % ) , c l i n d a m y c i n ( 4 . 9 % ) , amoxiclav (1.4%), and linezolid (4.9%). Other studies have also found similar results. [14, 15] In a recent study from Ujjain, S. aureus isolates were found to be resistant to many classes of antibiotics including ampicillin (90%), amoxiclav (54%), co-trimoxazole (49%), ciprofloxacin (23%), and erythromycin (11%). [16] A study from Portugal found that among the 36 S. aureus, only 11.5% of isolates were susceptible to all antibiotics tested; a higher nonsusceptibility rate (88.5%) to penicillin was detected, which is similar to our finding of penicillin resistance (97.9%). [17] This may be because penicillin is one of the most commonly prescribed drugs.
Resistance to clindamycin and co-trimoxazole in our setting is a concern since these antibiotics are routinely used to treat common infections due to S. aureus in the outpatient setting and often prescribed to hospitalized patients on discharge to complete a course of outpatient therapy. Judicious antimicrobial use should be implemented by the physicians in this setting given the increasing prevalence of drug-resistant microbes.
Conclusion
Children in this studied area of South India have a high rate of colonization with S. aureus. This study [5] Mangalore, India 25 Fomda et al. [1] Kashmir, India 27.92 Govindan et al. [6] Udupi, India 29.3 Dey et al. [7] Ujjain, India 35 has demonstrated the baseline colonization rate and continued surveillance of this population is necessary to assess the ongoing risk posed by S. aureus to this community. The high rate of antibiotic resistance to frequently used antibiotics such as ciprofloxacin and erythromycin is a major concern warranting continued surveillance and antimicrobial stewardship programs to promote judicious use of antimicrobials in the hospital and ambulatory settings.
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